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From Africa to the Stars

Ben R. Finney
University of Hawaii, Honolulu, W 96822

and

Eric M. Jones
Los Alamos National Laboratory, Los Alamo8B NM 87545

We Homo aapiena &re by nature wanderers. Our very evolution has

heen ehaped by the reatleaaineeg and technological adaptability of our

ancestors from the time thoee most adventuresome of apes left the shelter

of the tropical foreat to roam the grassland of that Africa. Now, we,

che sole surviving species of hominidae, stand on the threshold of apace,

ready to expand into the Galaxy. If we do succeed in colonizing epace,

humanity will never be the same again, for we will have opened the door

for our accelerated evolution. The queetlon of whether or not we shall

expand into space can, therefo~e, be rephraaed. Freeman D’aon (1979:

234) aptly puts the question: “Shall we be one species or a million?”

To develop the thesis that our evolutionary future, like OU: past,

IS tied to our penchant for exploration and migration, we propoaad ●O

axamine the main atagee of human exploration and migration, ●nd the

evolutionary implication of each, ocartin~ from the time our distant

●nceators first stood upright and continuing into the coming ere of epace

axpanaionl

(1) 7rom Tropical Forest to Savanna

(2) Frcm East Africa to Eurasia, the Ameri.caa and Auetrali?

(3) From Land to Saa

(4) From Sarth to Spar.@.
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(1) FROtlTROPICAL FOREST TO SAVANNA

Where and when does the story of humar, evolution begin? Most

paleoanthropologiste would place the birthplace of hominidae---that is,

all erect-walking primates---on the continent of Africa, specifically in

Eaat Africa. Aa Darwin (1871: 177) first pointed out, it la in Africa

that our closest relatives, the Chimpanzee and Gorilla, live, and, since

Darwin’s time, it is in East Africa “hat the oldept hominid fossils have

been found. These date back to some 3-4 million years (Johanson and

White 1979; Scientific American 1982; Wllford 1982), but are not thought

to represent the very oldest of hominids. Although some have tried to

push the beginnings of hominidae back to some 10-15 million years ago on

the arguable basis of a few fragmentary bones (Pilbeam 1975), most

paleoanthropologists accept a more recent date (Lovenstein 19R2). New

techniques of comparing chromornomes, serum proteins and hemoglobins

between man and apes, and calculating the immunological distance between

them, indicate that the separation of the first hominids, our first

erect-wa’king ance8tors, from our ape relatives took place some 5.5

million years ago (Sarlc;~and lJilson 1967; Goomand and Taahian 1976;

Yunis and Prakash 1982).

The first “giant leap for mankind,” to borrow Neil Armstrong’s

phrase, was the descent frow the sheltering trcao of the tropical forest

to the open graaeland-wocdland mvironmonc of the esvanna mide by thoue

●a yet unknown ●nc~atora who, in so doing, oet the train of human

welution in motion. These ware literally the ‘irat ~teps toward Mankind

tor they were made on tw~ ie~s instead of fours T%ia postural revolution

laft the fo~eltmhn free to ❑ike ●nd ❑-nipulata tools, to carry babiou,

food ●nd othar ~oods, and to perform ● ❑yriad of taake m}ich were to make
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this animal, and its descendants, so unique.

But this ❑ove into the grasslands was hardly, as some popular

w-r~ters have imagined (Ardrey 1974), an invusion of bloodthirsty hunters

into the savanna. The earliest Australopithecines known from the fossil

record were small, generalized cre~cures, wholly lacking the ripping

teeth or otner natural adaptations of successful predators. For example,

the oldest nearly complete skeleton known is that of the famous Lucy of

Fthiopia who stood a bare three and a half feet tall, weighed a scant 60

pounds or so, and had a set of almost human-like teeth (Johaneon and Edey

1981: 274). Without a highly sophisticated hunting technology such a

modest creature could hardly have topped the savanna food chain; Indeed,

the archaeological record lndicateo that such a technology did not

develop urltil ~everal millions of years after the move from the forest

into the savanna.

How, theu,did these tiny hominids survive and prosper? l%e

Australopithecines became the premier food gatherere of the savanna

(Tanner 19[’). Their bipedal po~ture, with that crucial Ireeina ef the

hands, enabled them to tap a wide ran$e of grassland rekourceo: to

gather nutn, berries, birds” cgge and grubs; to dig up &ucculhnt tubere

and roota; and to catch insects, small ●nimale ●nd perhape alao tha young

of larger animals. Yet, they did not ●ccomplish all this with chair bare

hande. In fact, Aueeralopithocua wae probably the first cr~atura co have

to depend for ita our ival upon technology, however rudimancary.

Although tha hard ●rchaeological ●violence hae not aurvivarl, tha mo~i

crucial tools wra probably made of wood, fiber or skin; diggln8 #tick@;

elaplr contelnera and other rudimentary Impleaenta to ●id the Satharlng

of food. A aaw ●conomy wae now poaaible. With these simple toc~leo
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mature, abl+bodied, ❑ales and females could range over the countryside

in search of food. Then. tnetead of con8uming it on the spot as their

ape cousins did, they collld, thanks to their erect posture and free

hands, carry the food back to a base camp to share with dependent

children and adults who had stayed behind. This new food gathering vay

of life was thus the beginning of a home-based social organization with

all its implications for family formation, prolonged nurt~rance anti

trainirg of the young and for sharing and communication.

Yet, for all its evolutionary advances, Australoplthecus apparently

did not expand beyond the savannas of Africa. To migrate further

required, it seems, further evolution.

there was speciatior,. The first known

Within the Australopithecuq genus

hominid epecies, Ausr~alopithecus

afarensia, was followed by at least two succeseor species that survived

up until 2 to 1.5 mya: a gracile type that developed further the

generalized omnivore niche pioneered by ittidistinguished ancestor; and 8

robust type which, as witness its massive jaws and ❑olars, must ha\*e

specialized on a diet of course and gritty tubers and raots. Although a

fev paleoanthropologiets, notably those from tne famous Leakey family,

reject direct descent from Jny known .4ustralopithecus species, moat

experts aee further evolutionary advance in hominidhe as coming from

either afarer,sis or its sinilarly RraciJe descendant.

(2) FROM AFRICA TO EURASM. THE AMERICAS AND AUSTRALIA

Pal@oanthropologists apeek of mosaic evolution, of the accalerat~d

evolution of parta of the body while others remain relatively Static,

Thus, while Australopithccuu made the tramendoua ●dvance t~ erect

poeture, wiih all the modifications of the futt, legs, ●nd pelvis that
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required, over the 2-3 ❑illion years the genus is known its brain

remai~ed small, averaging around 500 cc, hardly btgger than that of its

chimpanzee cousins (Campbell 1982: 148). Then, starting about 2 mya,

the evolut~.on of the brain begin to accelerate. The fjrar evidence of

this trend comes f:om the skull of the so-called “Handy Man” (Homo

habalis) discovered at Oldavai Gorge, Tac:zania by the late Louis Ltakey

(Leakey, Tobias and Napier 1964). Although some etudents would ciassify

it as an advanced Australopithecus, most have accepted Leakey”s

assignment of 1: as the first known repreaentaclve of our genus, Homo.

This is both becauee of its oignlficantly greater brsin capeciej of

650 cc, and undeniable association with worked atone tools. Uthough

recent discoveries wuld seem to confirm the long-held cmjecture that

Austt-alipithecus must have used rua~nentary store tools (Kalb et al

1982), by the time Homo habilis appears the diatinctiy human synergy

between the development of increasingly so+hieticated tools and the

acceleration of bruin development seems to be definitely underway (cf

Waghburn 1967).

Although skull fragments unearthed on the ieilandof Java may

indicate thst Homo habilis vac the first hominid to lmave Africa (Tobiae

and Von Koenlgswald 1964), the next apticiaaof Homo to evolve, Homo

erectus, is generally credited with being the firet hominid to sprahd in

any nurnbere beyond Africa; ita fosci]. remaina have baan found widely

scattered over Euraaia. In fact, the fjrat Homo ●rectue fossils ware

found not in Africa, but far ●way in what in now Indonemia (“Java Man”),

China (“Peking Man”) ●nd Germany (Weldalberq Man”). Only recently have

Homo eractue fossils begun to turn up in Afrl:an sites.

Homo erectuo was si~nificantly brainier than hia predecessors.
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Fnssil skulls range in brain capacity from urouna 775 cc to 1225 cc, thus

overlapping the low end of the Homo sapiens range (Campbell 1982: 289).

This advanced hominid employed a ❑ore I.lghlydeveloped stone technology--

-inventing, apparently, the art of chipp’Lng stone on botl. side5 to make a

keener edge--- and was a successful big game hunter. This Involved a

critical shift In the savanna niche pjoneered by his Australopithicus

ancestor---from that of a food gatherer who also caught some lizards,

birds and other small animals, tc that of a hunter and gatherer who, fn

addition to harvesting wild vegetable foods, began to prey systemat~.tally

on large herbivores. This shift ❑ay have had an important physiological

dimensian (Brace and Montagu 1977: 323). If our relative hairlcasness

and abundance of sweat glands, and hence our outstanding ability to

dissipate neat through copious sweating, e-~olved at this time, Homo

erectiiahunter~, unlike other predators which hunted in the cool of the

late afternoon or evening, could operate in the heat of the day, catching

prey unawares or running them to exhaustion. But, above all the snift to

a hunter emphasis had a specifically culcural dimension. Hunting

technology, involving both tools and organization, aou came to the fore.

For example, as can be reconstructed from excavated kill sites, thece

hunters skillfully employed guile and teamwork to drive large animals,

even elephanto, into bog~ or other traps where they could be slaughtered

with epear or club, and then butchered with finely-chipped cutting tools.

This hunting adaptation enableti emall bands of Homo erectua, over

many gencratlona, to wander north out of Africa ●nd than pursue game east

and weet ovor the warm gavannaa which, at che beginning of the

Pleistocene aorne 1.S mya, @tr@tched tbe langth of South Aala ●nd into

Southarn Europe, Once IN hrOp~ and Asia, hnwevert these hairleee~
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tropically-adapted, hominids would have been subject to cold stress as

the glaciers began to fon and periodically advance southward. Yet,

archaeological widence indicates that Homo erectus bando roamed far to

the north in treeless grasslands so rich in game but so much colder than

the African savannas. Fire blackened hearths found at some of these

sites and dating as far back as 700,000 yeara reveal that these huntera

had learned to control fire---one of the single most important

innovationa in cultural evoluticn. With the ability to keep warming

fires burning, and to gain furth-1’protection from rude ahel.ters and

anima!. ekins, Homo erectus was able to penetrate far to the north,

reaching at least latitude 49 degrees north during interglacial periods

(Campbell 1982: 292-3).

Yet, for all his hunting skill and cultural ingenuity, during :he

million or so years of his existence, Homo ereccus did not eucceed in

npread~ng beyond the linked continents of Africa, Ania and Europe. The

move to the knerica.s and Australia followed further cultural development

and the evolution of a new species, Home sapiens.

Tt,cdctaila of the origin Homo eapiene are far from clear. Fossil

skulls found in Western Europe that date back some 250,000 vears show an

unmistakable trend toward greater cranial capacity, and toward the high,

vaulting shape of modern akulln-- -with nll that Impiiea for incxeaaed

❑ental capacity, Yet, in Europe at least, the gap

okulls and the late @ppearance around 40,000 years

eapiena lo filled with t% ●bundant romaine of the

between theee evolving

●go of modern Homo

famed Neanderthal Nan

whoac projecting face, beatlc-brovs ●nd thxck-eat build would seem to

belie ●ny ●moot,’progreeaion to modarn form. In fact, until recently

many echolarti classified Neanderthal ●o a eetmrate species. afi



.—. - -----

Y

-8-

evolutionary dead end. However, because of better reconstructions of his

skeletal remains, a realization of the fact that at 1600 cc his brain was

elighter larger than the the average for modern man, and an appreciatiorl

of the possibilities for ❑icroevolution under climatic stress, many

students are now inclined to classify Neanderthal es an early form, or

sub-species, of Homo sapiens, one physiologically adapted to the bitterlv

cold conditions of the late Pleistocene (Brace 1964). Yet, even this

rehabilitation of Neanderthal does not solve the mystery of exactly where

and when Homo sapiens originated. Was it somewhere in Europe or A~ia, or

was Africa the cradle ~f modern ❑an as veli as his ancestral forms?

Whatever th~ case, for our purposes the important point is that Homo

sapiens were the first to populate the hithertofore empty continents.

The drastic lowering of sea levels by 8(Ito 100 ❑eters during the last

glaciation of the Pleistocene facilitated this movement---by expoeing the

continental shelves so that Siberia and Alaska were joined by a land

brici~e,while Indonesia became an extension of Asia reaching out aluost

to the shores of a greater Austraiia composed of the present contiuent,

Nev Guinea and surrounding shelves. Yet, previous galciations had

simil~rly lowered aea levels without any migrations taking plsce. The

crucial ingredient was the evolution of Man’a cultural capacities and

techniques (Birdsell 1957: 47)* Refined hur,ting toole and techniques,

tailored skin clothing and other survival gear enabled Homo sapiens, to

penetrate the Arctic; then, all that had to be done to reach America was

to follow prey across Beri~gia (as ~eologists dub the broad plain that

then linked &ia and North Am~ricaj. Similarly, once talmplerafts and

rudimentary techniques for living off sea and coastel reaourcee had been

developed, people could cross the narrow etretches of open water then
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separating Sundaland (glacially-enlarged Indonesia), and Sahuland

(grearer Australia).

When ex&ctly this took place is still subject to debate.

Previously, scholars thought that these movements could not possibly have

taken place until as least 12,000 years ago and probsbly ❑uch later.

NOW, however, the discovery of respectably ancient human fossils In the

❑idale of Australia, leads many archeologists to estimate that people

first crossec to Sahuland duririg the last glaciation some 50,900 years

ago (Allen, Golson and Jones 1977). bd, although the status of

similarly ancient remains in North America is still subject co dispute

(Bada and Finkel 1982), similarly early (and even earlier) estimates of

the first c~ossings ~f Beringia are being increasingly voiced (Reeves

1981).

Whatever the exact datas, by surmounting tropical and arctic

barrier~, and then by spreading over the forests, mountains, plains,

deserts and jungles of the three new continents, these ancient wanderers

highlighted the unique ability of ❑an to adapt culturally to new

environments. Building on the biological foundation of erect posture,

brain expansion and associated developments of horclnid evoluticn, our

more recent ancestors added the capacity to invent and apply technology

to make hum..1existence possible from Afr :a *O che AmericaF, from the

tropics to the arctic. Where other animals bad to evolve biologically to

move iritohabitats radically different from the ones for which they were

specifically adapted, Homo aapiene, the hairless biped from the African

savanna, could adapt culturally. I%us, by the time of the lest

glaciation, cultural evolution had supplemented biological ●volution to

-..1.- u--- ---d--- - ..-J ------- ..--VA—.4A- -–_-,_-
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(3) FRCJMLAND TO SLA

However, to claim that late Pleistocene Homo sapiens spread over

the entire world is to ignore that fact that we live on the water planet.

Seventy percenc of the Earth’s surface is water, and it is only in

comparatively recent times, after the advent of the Agricultural

Revolution, that we learned how to sail over the oceans and use them as

avenues for migration and trade if not actual places to live.

Probably the first to sail far out to sea---as opposed to merely

coasting along known shores or between closely-spaced islands--~ere the

Polynesians. Their ancestors are thought to nave begun their seafaring

career off south China or the islands ot Southeast Asia 5,000 or more

years ago. Archaeologists pick up their definite trail on small :slands

off New Guinea where they sojourned some 3,000 years ago. Worn then the

story is one of increasingly longer voyages into the open Pacific made to

search out and colonize islands separated by hundreds and in some cases

thousands of miles of blue water. By 750 A.D. they had discovered and

settled virtually every fsland within a vast oceanic realm the size cf

❑ost of che Europe and Asia combined (Finney 1977).

Of all the episodes in human expansion over this globe, the

Polynesian one stands out as a haunting prec!lrsor to the coming expansion

into the archipelagoes of space (Finney 1981). Just as we hope to

humanize space, so did the Polynesians spread humanity far and wide

through a then-alien environment, discovering and settling comparatively

tiny specks of rock ~~ndcoral amidst the oceanic wastes. Yet, for all

the inspiration this Polynesian ex~ience may provide, it was al~

historical dead end. men if glien voyagera had not intervened, It would

be difficult to imagine the continuation of Polynesian expan~ion, for
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they had run out of archipelagoes and were in effect trapped between the

alread: -populated land masses of Asia and America.

The true discoverers of the global sea were those European

navigators who, in learning how to sail between continents and eventually

around the vorld, were the first to realize that there is but one ocean

and that it could be used ,s a highway to connect hitherto-isolat~d or

only tenuously linked lands and populations (Parry 1974). The global

consequences of this discovery followed quickly upon those first

tentative expeditions into African waters organized by Prince Henry, the

pioneering transoceanic voyages of Da Gama and Columbus, und then that

first circumnavigation by %gel.lan---all of which took place within a

cencury. But the effect of this marjtj.me expaneion was not solely the

territorial and commerical aggrandizement of a handful of European

~,overs. Centuri.?s hence, when tileanger acd guilt over coloni.11

exploitation has faded, the true aftermath oi this European Age of

Exploration will be seen to have been the bringing together cf the

disparate branches of rnankiud into one world system.

Why should a few small, economlcall}-backward states on the western

fringe of the Eurasian land ❑ass have been the ones to initiate this

reunification of humanity? Contemporary historians have updated the old

e.:?lanation of rapacioua Western greed. They are fond of pointing out

that it was the economic crlsea then affecting late feudal Western Europe

that drove its sailors out GO sea, and forced ita princes and bankera to

support them (Godinho 1965; Walleratein 1974). Yet, Portugal, Spain nnd

other European nations that turned to the sea had no corner on poverty

and economic disorder; only their crf!ative solution was mique. We eide

with earlier hiatoriana who poin:ed to the key Ingredient of motivation--

II
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-the drive to explore the seas and eeek out new routes and lands---as

crucial to the discovery of the oea and its consequences. Similarly, we

are impressed with how the exploratory drive of the ancient Polynesians

led them to expand faster and farther into the Pacific than population

pressure could have pushed them.

We raise this motivational issue to refocus 011 the premise with

which we started this analysis: that we are by nature explorers. Tnat

is, of course, true in a general sense fcr all vertebrates, and ❑any

invertebrates, as well as man (Baker 1980: 15)* In this, mankind IS not

alone. To surv~ve, animals must explore their environm~n~ to find

sources of food ani living space, and a successful species is one that

expands its habitat through the migration of its members. In hominid

evolution this ba~’c urge to explore has been developed further, to the

point where it is le~’ing us to leave our ancebtral planet.

wan is Khe one Laimal that has profe.ss~onalized eXp~Or&itioI1. It 16

the juvenile of most animal ~pecies who do the explorin~, investigating

their environrnmt before settling doml on a limited geographical range

from which, as adults, they hardly stir. Modern ❑an, from the Australian

Aborigine to the denizen of an industrial city, follows a oimil&r pattern

of juveniie exploration-=-of the waterholee and sacred places of the

desert, or of the eights and experiences of touring Europe or backpacking

in the Sierras---before eertlfng down to che routine of adult life (Baker

i980: 239). Yet, sioneadulta do not give up their exploratory bent and,

in fact, ❑ake a career of it. Columbus did this through a~aer

entrepreneurial genius; by the late 18th century maritime exploration had

❑atuied to the point that Captain Cook could cltiirnto be “employ’d ae a

discoverer” (Robertson 1971). NOW we even have people who make their
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living by exploring the scars and planets through telescopes and robot

spaceships, atlda growing corps of ast<onauta, cosmonauts and apacionauta

(Ben: never seen this word) who actually explor~ apace in person. we

are the animal that has turned a juvenile characteristic into an adult

paselon.

This is as much part ri our genetic evolution as it is our cultural

development. Man’s hypertrophied exploratory urge stands out as a

behavioral manifestatio~ of his neotonoue evolution. Sixty years ago the

Dutch an “-omistBolk noted how in brain-to-body ratio, domed head shape,

absence of snout and other linked features, adult humans rnaemble foecal

apes, and proposed that we become brainy humane through the proceaa of

neocony. After s long eclipse, this theory hss taken on new life with

research on how mutations in just a few growth-reguletin8 ge,les ?an

radically alter the proportion and character of any organiam. l%e

tremendous expaneiun of the brain relative to the body during hominid

evolution could, according to this theory, have followed from ❑utations

1: a few rcguldtory genes so tha the brain, eiready large at birth,

continued to grow into adulthood while somatic grOWth was relatively

retarded. Following some observations ❑ade by the ethologist Konrad

Lorenz (1971; 180), we can carry thie reaoonir.g futher. He notes hub

man haa retaiued a ~ange of juvenile behavioral traits into adulthood,

❑out notably the penchant for Investigating ●nd exploring his

environment. Unlike our ape cousins, ●specially the dour gorilla, we

retain our childhood curiouity into ad~lthood~ This retardation haa

served the opaciea well, for it forma tho basis for oar inqui#ivenesa

into the naturm of thingrn (cf Planck lq42) ●s well ●u our incessant

search for whet lieu over the horizon---for, in other words, ecience ●nd
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geographical exploration. Through neotony we have become a most-

Icqcistive, exploring ape.

(4) FROM EARTH TO SPACE

Have we stopped evolving? According to the nu:ed paleontologist,

Stephen Jay Gould, since the solventof Homo sapiene in Europe some 50,000

yeare ago we have not a shred of evidence for genetic Improvement. He

even suspects that the average Cro+agnon, proFerly trained, could have

handled computers wi:h the best of us, and ~oncludes that all we hwe

accomplished since his day has been, for better or for worse, cl’e‘:esult

of cultural evolution (Could 1982: 83). In this cosmically

insi~nificant, even geologically-trivial, period of 50,000 yesrs the

Earth’s population ~las,Gould continues, gone “from perhaps one hunuied

thousand people with axes to more than four oillion with oombs, rocket

chips, cities, television, and computers---all w-ichout substantial

genetic changes.”

Yet, in the wrirings of Gould and ocher like-minded paleontologietu

(Eldrid~e and Could 1982; Stanley 1979, building on the work of Mayr 1954

and Simpson 1944), can be found a theory of evolution which tells US. if

interpreted in the light of our coming dispersion into space, that we are

on the threshold of quantum biological evol”ltion. These theorists huve

gone beyond the gradualist tenet of the so-called Modern Synthesis of

evolutionary theory hy proposing chat, contrary to the old adage, nature

does make leaps. ‘hey maintain that major evolutionary divergence

proceedn throu~h burata ~f opeciatlon, through the comparatively rapid

splitting off of -eparate lineagee from tha ●ncestral stock, and not by

the gradual tranofonnation of that etock. This quantum epeciation
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occure, they propose, in very small populations that have become

geographically isolated from the ancestral stock. Where genetic chang~

in resisted by large population well ●dapted to their environment,

favorable genetic mucationo cgn easily gain a foothold in marginal

geographic &reaa where preaaure fsr natural aelectlon can be intenee, and

then aprea~ quickly through the small populations that have become

isolated there.

They further propose that this theory of quantum evolution makes

better eienee out of hominid wolution than the long prevailing gradualist

one. IneteaJ of reading the foaail record aa if it indicated a smooth

and gradual progression of a mingle lineage from an ●pe-like ancestor,

through three or four species oi now ●xtinct hominida, to modern Homo

sapiens, they aee evidence of a more complicated branching ●tructure in

which various foeail species spring from small popultion inolates, grow

visoroualy for a time only to be overtaken by other npeciaa which

flourish while they wither. In thla view, Homo eapiane arc not the final

rung of a sin~le ●volutionary ladder goins back 5 ❑illion years or more,

but merely the “only surving branc~of a once luxuriant buF!)” (Gould

19?9)9

Conditions were ●t times idaal in our hominid pact for such genetic

experimentation. Until th~ advent of the Agricultural Revolution somv

10,000 years ●so, all hominida lived in small bands acatterad thinly over

the country~ide. In some regions Seology ●nd climate oeama to havo

combined to ●nhancn the isolation of thase banda, ●nd to incraas~ the

selective pressures ●cting upon them- thus leadinu to a v~orous

speciation raaponae. Taka, for axempla. 8e8t Africa, the posited

homeland of the ortginal hominid cpeciee ●nd ●t least thrse wbaaquant
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cnes. During the Plio-Pleioatocene era in question, East Africa was a

‘ ❑ ost unstable region: the twr places underlying this rift zone were

pulling apart, causing massive uplift and subsidence, and volcanic

activity which broke the countryside into diver~e and discrete local

environments (Isaac IS76: 124-5). These topographic upheavals, perhaps

exacerbated by marked fluctuations in rainfall and hence vegetation,

wollld have stressed the small bands of hominlds then unconsciously

experimenting with a new way of life, and would have further isoluted

individual groups in scattered refuges, thereby aetelng up conditions

that would promote the rapid apec~atlon of hominidae indicated by the

fossil record (Tanner 1981: 137).

But, thrcugh our mae~~ve population growth, and the davalopment of

modern ❑eans of maas tran!;port,we, aa tho surviving hominid species, tire

no longer broken up into (~mall,isolsted breeding populations.

Furcherm~rQ, our cultural aridtechnological ingenuity has enabled us to

adapt to the diveruity of che world’s environment< and hats,thortiby,

greatly relaxed selective pressures. It can avcn ba argued that ainca

all memb~rs of a comm~nity bemtifit from culturnl dovelopmentel the

aclectfve pressure for greater intelligence is removed. Finally, the

eel f-conrnciowneae ao baaic CO our cultural nature would aeom to prevent

the aprcad of adaptive ❑utatione that ❑ight rJdically altsr our

appearance or character. I%e ●dvent of ● “hopeful monster,” to uoo the

Geneticist Goldnchmldt’a phrae~ (Goldachmidt 1940), ia not licfalyto be

greatad vith ●ny joy---esptciully by prospective mates---no u,ttterhow

adaptive itrnmonstrous foaturas might be.

But what holdu for Earth may not hold for space, Wc mail]tain that

the human race is ●ctually 011thu thr~ahold of quantum biologlcul
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evclution because some of us are not content to stay in t;leterrestrial

cradle. Once we---or rather some of our descendants---spread far and

wide enough, the forces for genetic chemge now braked on Earth will be

released once more. In particular, our extra-terrestrial descendants

will f~xpel.ienccthat prerequisite fcr rapid evolution that our anceators

once knew: i;olation in amcll, scattered communities.

This would probably not come to paas during the first stages of

space migration. We will begin to learn how to live in space by

colonizing the inner Solor System ---by making small corners of the Moon

habitable, and by ueing the abundant resources of the moon and Earth-

cr~asing aetcrxods to build actual apace colonies at the Lagrangian

polnta in the Ea!”h-!,oon system or other suitable localee (cf O’Neill

)977)0 Although these early settl=entu would acart small, and atght

give the illusion of isolation, they wouid aeon grow and their

inhabitants would never be very far in travel time, much lees

communication rime, frum other communities. There would seam little

chance of recreating cand,ttiona prOpir.iOutifor major evolutionary change.

For example, David Criowell (1981: 1168) envialona swarzs of hundreda of

thou~andu o{ apace coloniep locat@d in regions like L-4 or L-5. Each

swarm could, he ee~imat~u, cmtain a total population uf hundreds of

billions oi peoplu.

However, once the technology of opece travel ●nd colonization

●dvancoo to the point whera tht Piled of ❑ountins ●n Indupandent

colonizing mieciun comti within thu reach of, say, ●n ext,ondod family or

n small group of like-minded voluntoars, ouch tiny bands will oat off the

colonjzo thn ❑ultitudinous ●etariodu ●nd comte of the outar Solar Syottm

(Dymon 19791 llEI-261 O’Noill 19771 223-48)~ Yst, ●van thougl~ th~ne
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might shelter small populations for generations, we doubt that they would

be sufficiently isolated from one another and from major Solar System

settl~ments to provide the ideal conditions for evolutionary divergence.

What they would do, though, la provide a proving ground for developing

the technology, both material and social, for colonizlnp truly distant

and isolated chunks of matter where we are betting that the first

speciation of our genus w1ll begin.

We refer to interstellar comets, those comparatively miniscule icy

bodies which, through the application of energy obtained by the fusion of

cometary deuterium or by gathering starlight in huge, spindly mirrors

made from cometary aluminum, coula be made habitable for small and

adventuro~s groups of pioneers. Elsewhere (Jones and Flnney 1983) we

have developed a scenario of colonizing first the comets of the Oort

Cloud luosely bound to the Sun at a distance of hundrads or thousands of

astronomical units, and then those comets wandering in interstellar

&pace. Because of the extremely restricted energy reenurco, reintorcec!

perhaps by thu desire of some maverick groups to return to living in the

small, face-to-face communities our pre-agricultural ancestors knew, we

pro~oacd that a typical population distribution might be co-living groups

of as few as 25 people joined through marriage exchan~e to make up

breeding communities of some 500 men, women and childreno One comet

could uupport Buch a breeding community, It is in theme tiny isolates,

particularly thouc at thu very ad8e of our star system or othars we have

coionized, or wanderin8 free in apace) that we expect the firut major

OVOIUt~OtIarY divergence to occur.

Thau~ small hum~n bands mi8h: walcomQ any mutationu that would ●dapt

tham better to thuir bleuk and unearthly environment. The ●ppearance of
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a “hopeful monster” who could cope better with the peculiar environments

of space (zero gravity, high radiation density, exposure to vacuum) or

wen the as-yet-unforseen peculiarities of a simulated terrestrial

environment might well be greeted with joy rather than disgust. And, if

genetic engineering techniques were perfected and available to such

marginal communities there might be an overwhelmin~ temptation to

artificially stimulate adaptive e~-olution to their environment of choica.

In so d~ing they would probably be going againet the main body of human

sentiment which then, as now, wauld undoubtedly balk at the idea of new

hominid species. Public opinion might even be backed up by attempts to

restrict the flow of radical mutctions and especially their artificial

creation. However, those acl!?enturesome souls living amidst the comets

would probably be fairly immune to the blandishments of the human crowd

from which they had fled, and be too far away and difficult to reach to

be policed.

Thus from such small and marginal groups futcher human evolution may

flow. But, howevar exotic the extrat~rrestrial circumstance might seem,

the process would basically replicate thst followed by those explnratory-

aincied founders of r.ucestral hominid species, or just about any species

fcr that matter. In evolu~ion it is t;’pically from the adventuresome

minority, not the main btock, that evolutionary advance flows (Stanley

1979; 206),

This advance will not be limitad to the birth of one new species.

Space ie not ● ain81c ●nvironment, but ● roeidual category for werything

outuide the Earth’s atmoephera. l%are ●re innumerable ●vironmento out

there, ●nd perhapu ●veil more niches to be dovelopad for the exploitation

of thorne enviroumonte. 3y spreading into space we will ambark on ●n
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adaptive radiation of hominidac that will spread intelligent life as far

as technology or llmtts placed by any competing life forms originating

elsewhere will allow. This radiation of evolving, intelligent life

through epace will be the galactic successor tc ;he other great episodes

of adaptive radiation in the evolution of life---that which followed the

wandering of a few fish ofito lacd, or the opportunistic multiplication or’

mammillian genera and epecizs to fill che vacuum left by the

disappearance of the dinosaurs.

Put, don’t ask us what specific forms this radiation will take, what

new species will look like, or whether some will preserve only their

intelligent essence within voyaging couiputers as Jastrow (1981: 162-8)

proposeb. We do not know. Nor dc we think our evolutionary future is

knowable beyond the realization that homintdae will speciate if we follow

our urge to explore space. Despite the conceit evidenced in the species

name we apply co ourselves, we are in no better position to forecast the

exa~t course of our future evolution t[lan were those first

Australopithicines theirs. If they, five million years ago, could not

have even ciimly pe:ceived the evolutionary consequences of their descent

from the forest into the sav.~nna, how could we, despite all our

knowledge, know fiat evolutionary developments will flow from our journey

to the aters?


